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Abstract
We investigate the hyperon-nucleon interactions in the QCD sum rule starting
from the nucleon matrix element of the hyperon correlation function. Through
the dispersion relation, the correlation function in the operator product ex-
pansion (OPE) is related with its integral over the physical energy region.
The dispersion integral around the hyperon-nucleon (Y N) threshold is iden-
tified as a measure of the interaction strength in the Y N channel. The Wilson
coefficients of the OPE for the hyperon correlation function are calculated.
The obtained sum rules relate Y N interaction strengths to the nucleon ma-
trix elements of the quark-gluon composite operators, which include strange
quark operators as well as up and down quark operators. It is found that
the Y N interaction strengths are smaller than the NN interaction strength
since the nucleon matrix elements of strange quark operators are smaller than
those of up and down quark operators. Among Y N channels ΛN channel has
stronger interaction than ΣN and ΞN channels. Also found is that the in-
teraction strength is greater in the Σ+N (Ξ0N) channel than in the Σ−N
(Ξ−N) channel since the nucleon matrix elements of up quark operators are
greater than those of down quark operators. The spin-dependent part is much
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smaller than the spin-independent part in the Y N and NN channels. The
results of the sum rules are compared with those of the phenomenological
meson-exchange models.
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I. INTRODUCTION
One of the most important goals of studying strong interaction physics is to understand
the behaviour of hadrons and hadronic interactions on the basis of the quantum-chromo-
dynamics (QCD). One of the powerful tools for this purpose is the QCD sum rule proposed
by Shifman, Vainshtein and Zakharov [1]. Using the method of the QCD sum rule one can
obtain relations between the properties of hadrons and the vacuum matrix elements of the
quark-gluon composite operators [1,2].
The idea of the QCD sum rule has been extended to the investigation of hadronic inter-
actions [3–7]. In particular, in Ref. [7] the present authors have formulated the QCD sum
rules for spin-dependent nucleon-nucleon interactions and have studied their physical impli-
cations. The basic object of the study in the work has been the nucleon matrix element of
the correlation function of the nucleon interpolating field. In the deep Euclidean region the
correlation function is expressed in terms of the nucleon matrix elements of the quark-gluon
composite operators using the operator product expansion (OPE), which is related with its
integral over the physical region by means of the dispersion relation. The dispersion integral
of the correlation function around the nucleon threshold has been investigated in detail.
It has turned out that the integral can be identified as a measure of the nucleon-nucleon
interaction strength, which is proportional to the scattering length in the small scattering
length limit and to the one half of the effective range in the large scattering length limit.
The obtained sum rules relate the nucleon-nucleon interaction strengths with the nucleon
matrix elements of the quark-gluon composite operators. The sum rules tell us that the
interaction strength in the spin-singlet channel is weaker than in the spin-triplet channel,
but that the spin-dependent part of the interaction strength is considerably smaller than the
spin-independent part. Experimentally, it has been found that there is a loosely bound state,
deuteron, in the spin-triplet channel, while there is an almost bound state in the spin-singlet
channel, which implies that the interaction is slightly stronger in the spin-triplet channel
than in the spin-singlet channel. This is consistent with the result of sum rules.
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It is straightforward to apply the method of Ref. [7] to hyperon-nucleon channels just
by replacing the nucleon interpolating field by the hyperon interpolating field. The purpose
of the present paper is to carry out this procedure. Physically, it is extremely important
to understand the various hyperon-nucleon and nucleon-nucleon interactions simultaneously
in order to achieve a unified view of hadronic interactions. It is also important in the
application to hypernuclear physics since hyperon-nucleon interactions are exprimentally
not well known. The paper is organized as follows. In Sec. II, we review the formalism in
the hyperon-nucleon (Y N) channel for the sake of completeness. In Sec. III, we calculate
the Wilson coefficients of the OPE for the hyperon correlation function and explain how
the nucleon matrix elements of the quark-gluon composite operators are determined. The
obtained sum rules for the hyperon-nucleon interaction strengths are presented and discussed
in Sec. IV. Finally, we summarize the paper in Sec. V.
II. PHISICAL CONTENTS OF CORRELATION FUNCTIONS
We first consider the spin-dependent hyperon correlation function, Π(qpˆs),
Π(qpˆs) = −i
∫
d4xeiqx〈pˆs|T (ψ(x)ψ¯(0))|pˆs〉,
where |pˆs〉 is the one-nucleon state with momentum pˆ and spin s (pˆ2 = M2N , s2 = −1 and
pˆs = 0, where MN is the nucleon mass) normalized as 〈pˆs|pˆ′s′〉 = (2π)3δ3(p− p′)δss′ and ψ
is the normalized hyperon field operator. In this paper, momentum with ˆ represents the
on-shell momentum. Later, the normalized nucleon field, ψ, is replaced by the unnormal-
ized hyperon interpolating field (quark-gluon composite field), η. The following discussion,
however, holds as it is for the interpolating field, except for the normalization. Naively, the
dispersion relation for the correlation function, Π(qpˆs), is written as
Π(qpˆs) = −1
π
∫ ∞
−∞
dq′0
1
q0 − q′0 + iη
ImΠ(q′pˆs), (1)
where q′ = (q′0, q). Throughout this paper, whenever we take the imaginary part of a quan-
tity, we approach the real energy axis from above in the complex energy plane. Therefore,
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strictly speaking, ImΠ is the imaginary part of the retarded correlation function. The QCD
sum rules are obtained by evaluating the left-hand side of Eq. (1) by the OPE and expressing
the right-hand side in terms of physical quantities.
Let us consider the singularities of Π(qpˆs) as functions of q0. In the complex q0 plane,
Π(qpˆs) has a branch cut from the lowest B = 2 continuum threshold to the right and another
branch cut starting from the lowest B = 0 continuum threshold to the left where B denotes
the baryon number. Π(qpˆs) has second-order poles at q0 = ±
√
q2 +M2 ≡ ±Eq, where M
denotes the hyperon mass. In addition, the coefficient of the pole at q0 = Eq is the Y N
T-matrices T+:
T+(qˆrpˆs; qˆrpˆs) = (q0 − Eq)2 M
Eq
u¯(qr)γ0Π(qpˆs)γ0u(qr)
∣∣∣∣∣
q0=Eq
,
where u(qr) is a positive energy solution of the free Dirac equation for the hyperon.
In order to take out the pole contribution from ImΠ(qpˆs) it is convenient to define off-
shell Y N T-matrices by
T+(q
′r′pˆ′s′; qrpˆs)
= −i
∫
d4xeiq
′x
√
M
Eq′
u¯(q′r′)(/q′ −M)〈pˆ′s′|T (ψ(x)ψ¯(0))|pˆs〉(/q −M)
√
M
Eq
u(qr). (2)
Note that Eq. (2) is just a definition of the T-matrix off the mass shell, but the LSZ reduction
formula shows rigorously that it is the T-matrix on the mass shell.
In order to eliminate the pole contribution at q0 = −Eq from the correlation function,
we introduce the projection operators Λ+ by
Λ+(qr) = u(qr)u¯(qr) =
/ˆq +M
2M
1 + γ5/r
2
which have the properties
Λ2+(qr) = Λ+(qr),
γ0Λ+(qr)γ0 = Λ+(q¯r¯).
where q¯ = (q0,−q) and r¯ = (−r0, r).
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Then we define the projected correlation functions by
Π+(qrpˆs) =
M
Eq
tr {Λ+(q¯r¯)Π(qpˆs)} . (3)
The projected correlation functions are related to the off-shell T-matrices as
Π+(qrpˆs) =
T+(qrpˆs)
(q0 − Eq)2 ,
where T+(qrpˆs) ≡ T+(qrpˆs; qrpˆs). Clearly, Π+(qrpˆs) has a second-order pole at q0 = Eq but
not at q0 = −Eq.
We next consider the dispersion relation for
q0−Eq
q0
Π+(qrpˆs) ,
q0 − Eq
q0
Π+(qrpˆs) = − 1
pi
∫ ∞
−∞
dq′0
1
q0 − q′0 + iη
Im
{
q′0 − Eq
q′0
Π+(q
′rpˆs)
}
. (4)
Symmetrizing Eq. (4) we obtain
q0 − Eq
2q0
Π+(qrpˆs) + (q0 → −q0) = 1
pi
∫ ∞
−∞
dq′0
1
(q0 + iη)2 − q′20
(q′0 −Eq)ImΠ+(q′rpˆs), (5)
where
(q0 −Eq)ImΠ+(qrpˆs) = −piδ(q0 − Eq) ReT+(qrpˆs)|q0=Eq +
P
q0 − Eq ImT+(qrpˆs). (6)
Applying the Borel transformation,
LB ≡ limn→∞
−q2
0
→∞
−q2
0
/n=M2
B
(q20)
n
(n− 1)!
(
− d
dq20
)n
,
to both sides of Eq. (5), we obtain
LB
[q0 − Eq
2q0
Π+(qrpˆs) + (q0 → −q0)
]
= − 1
pi
∫ ∞
−∞
dq′0
1
M2B
exp
(
− q
′2
0
M2B
)
(q′0 − Eq)ImΠ+(q′rpˆs), (7)
where MB is the Borel mass. In order to derive the Borel sum rules we must evaluate
the left-hand side by the OPE and parameterize the right-hand side in terms of physical
quantities.
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We study the behaviour of the two terms on the left-hand side in Eq. (6). For this
purpose it is important to note that the off-shell optical theorem holds for T . When the
center-of-mass energy is above the threshold of the Y N channel and below the threshold of
the next channel, only the Y N states contribute in the intermediate states, and the off-shell
optical theorem is simplified as
ImT+(qpˆ; qpˆ) = −π
∫
d3pn
(2π)3
d3qn
(2π)3
(2π)3δ4(pˆ+ q − pˆn − qˆn)T+(qpˆ; qˆnpˆn)T+(qˆnpˆn; qpˆ).
(8)
In order to simplify the notation we introduce the scattering amplitude f by
f(q′p′; qp) = −µ
′1/2µ1/2
2π
T+(q
′p′; qp),
where µ = q0p0
q0+p0
and µ′ =
q′
0
p′
0
q′
0
+p′
0
. Moreover, we go to the center-of-mass frame (q + p =
q
′+p′ = 0) and restrict ourselves to the s-wave. We define the off-shell scattering amplitudes
as
f(k) = f(q′pˆ′; qpˆ),
where |p| = |q| = |p′| = |q′| = 0, p0 = p′0 = MN , q0 = q′0 =
√
M2 + k2 +
√
M2N + k
2 −MN .
From Eq. (8) we have
Im
1
f(k)
= −k + bk3 +O(k5),
and find that the off-shell scattering amplitude, f(k), has the form
f(k) =
1
i {−k + bk3 +O(k5)}+
{
1
a
+ 1
2
r˜k2 +O(k4)
} ,
where a is the scattering length. It should be noted that r˜ is different from the effective
range r, but r˜ coincides with r in the limit a→∞:
r˜ = r +O
(
1
a
)
.
We proceed to the integral of the right-hand side of Eq. (7), I, in the vicinity of q0 = M ,
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I = −1
π
∫
∼M
dq′0
1
M2B
exp
(
− q
′2
0
M2B
)
(q′0 −M)ImΠ+.
The integral, I, can be decomposed as
I = It + Ic (+Ib). (9)
In Eq. (9), the first term, It, is the threshold contribution, given by
It = − 1
M2B
exp
(
−M
2
M2B
)
2π
M +MN
MMN
a.
The second term, Ic, is the continuum contribution, given by
Ic = −1
π
∫
∼M
dq′0
1
M2B
exp
(
− q
′2
0
M2B
)
P
q′0 −M
{
−2πq
′
0 +MN
q′0MN
Imf cut2
}
,
where
Imf cut2 =
k
1
a2
+
(
1 + r˜
a
+ b
a2
)
k2 +O(k4)
θ(q0 −M).
The last term, Ib, is the bound-state contribution, which has to be taken into account if
there is a bound state, given by
Ib = −1
π
∫
∼M
dq′0
1
M2B
exp
(
− q
′2
0
M2B
)
P
q′0 −M
{
−2πq
′
0 +MN
q′0MN
Imf pole2
}
,
where
Imf pole2 = −iπ
{
∂
∂k
(
1
f2
)∣∣∣∣∣
k=iκ0
}−1
δ(κ− κ0)
≡ πcδ(κ− κ0),
where κ = ik and iκ0 is the pole momentum, 1/f2(iκ0) = 0.
By performing the integral, the continuum contribution becomes
IY Nc ≈
1
M2B
exp
(
−M
2
M2B
)
M +MN
MMN
2π|a|√
1 + r˜
a
+ b
a2
+ 1
2a2M2
+
(
1 + M
MN
)
1
a2M2
B
,
which is simplified in two limits of a as
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IY Nc →


1
M2B
exp
(
−M2
M2B
)
2πM+MN
MMN
a2√
1
2M2
+b+
(
1+ M
MN
)
1
M2
B
(a→ 0),
1
M2B
exp
(
−M2
M2B
)
2πM+MN
MMN
|a|
(
1− r
2a
)
(a→∞),
Similarly, the bound-state contribution becomes
Ib =
1
π
κ0(
√
M2 − κ20 +
√
M2N − κ20)√
M2 − κ20
√
M2N − κ20
,
1
M2B
exp
(
− ω
′2
M2B
)
1
ω′ −M 2π
2ω
′ +MN
ω′MN
c,
where ω′ =
√
M2 − κ20 +
√
M2N − κ20 −MN In the limit a→∞,
κ0 → −1
a
[
1− r
2a
+O
(
1
a2
)]
,
c→
(
1− r
a
)
+O
(
1
a2
)
,
and the bound-state contribution is simplified as
Ib → 1
M2B
exp
(
−M
2
M2B
)
2π
M +MN
MMN
2a
(
1− r
2a
)
+O
(
1
a
)
. (a→∞)
Let us suppose that one can freely change the interaction strength of hyperon-nucleon
and examine how the integral I should change as a function the interaction strength. When
the interaction is weak, the scattering length is also small, and the integral I is dominated
by It:
I = It + Ic
= − 1
M2B
exp
(
−M
2
M2B
)
2π
M +MN
MMN
a +O(a2).
As the interaction becomes stronger, the scattering length increases and the integral, I, also
increases. As the interaction strength increases further, the scattering length eventually
diverges when the bound state is just formed. Just before the bound state is formed, the
integral I becomes
I = It + Ic
= − 1
M2B
exp
(
−M
2
M2B
)
2π
M +MN
MMN
r
2
+O
(
1
a
)
,
and just after the bound state is formed, it becomes
9
I = It + Ic + Ib
= − 1
M2B
exp
(
−M
2
M2B
)
2π
M +MN
MMN
r
2
+O
(
1
a
)
.
This shows that before and after the bound state is formed the integral is continuous, though
the scattering length diverges with opposite signs. This observation leads us to conjecture
that the integral around the threshold is a measure of the Y N interaction strength.
Here we study the integral in a solvable case, namely the separable potential model:
V =
α
M
1
k2 + β2
1
k′2 + β2
.
We obtain
I ≈ − 1
M2B
exp
(
−M
2
M2B
)
α
Mβ4
+O
(
1
M4B
)
.
We find that the integral I is proportional to the potential strength α if the range parameter
β is fixed.
Based on this conjecture we define the Y N interaction strength, v, by
I ≡ − 1
M2B
exp
(
−M
2
M2B
)
v. (10)
In the dispersion integral, the imaginary part of the correlation function, ImΠ+, contains
the contribution from all possible intermediate states such as those of the Y N , Y Nπ channels
and so on. However, only the Y N channel contributes around the threshold. We assume
that the contribution from the Y N state is taken into account by the form of the right-hand
side of Eq. (10) and that the rest is approximated by an asymptotic form of the correlation
function starting from an effective threshold, ω+, for the B = 2 channels other than the Y N
channel and ω− for the B = 0 channels:
(q0 −M)ImΠ+ = λ2πδ(q0 −M)v
+ {θ(−q0 − ω−) + θ(q0 − ω+)} (q0 −M)ImΠOPE+ , (11)
where ΠOPE+ is the asymptotic form of the correlation function in the OPE and the normal-
ization constant λ is explicitly included (〈0|η(0)|qˆs〉 = λu(qs)). This is possible now because
the contribution from states other than those of the Y N channel is exponentially suppressed
compared to the Y N contribution.
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III. OPE OF CORRELATION FUNCTIONS
Let us turn to the OPE. We take the interpolating fields of hyperons [8] as
η =
√
2
3
ǫabc{(uaCγµsb)γ5γµdc − (daCγµsb)γ5γµuc}
for the Λ and
η = ǫabc(q
a
1Cγµq
b
1)γ5γµq
c
2
for the other hyperons where q1 = u, q2 = s for the Σ
+, q1 = d, q2 = s for the Σ
−, q1 = s,
q2 = u for the Ξ
0 and q1 = s, q2 = d for the Ξ
−. Since the interction strength for the
Σ0N channel is obtained by averaging those for the Σ+N and Σ−N , η for the Σ0 is not
needed here. C denotes the charge conjugation operator and a, b and c are color indices.
We take into account all the operators of dimension less than or equal to four. We also
include four-quark operators of dimension six, since four-quark operators are known to give
the largest contribution among higher order operators in the QCD sum rule for the nucleon
mass [2,14]. The OPE of the correlation functions are given as
ΠOPE(q)
=
1
4π4
γµ
[
qµq
4 ln(−q2) 1
16
〈 I 〉+ q2 ln(−q2)π2
{
− 11
18
〈d¯γµd〉 − 11
18
〈u¯γµu〉 − 13
9
〈s¯γµs〉
}
+qµq
ν ln(−q2)π2
{
− 5
9
〈d¯γνd〉 − 5
9
〈u¯γνu〉 − 2
9
〈s¯γνs〉
}
+qµ ln(−q2)π2
{1
8
〈
αs
π
GαβGαβ
〉
+
1
3
(3md +mu − 2ms)〈d¯d〉
+
1
3
(3mu +md − 2ms)〈u¯u〉+ 1
3
(3ms − 2md − 2mu)〈s¯s〉
}
+qν ln(−q2)π2
{
− 1
6
〈
αs
π
S[GρµGρν ]
〉
+
16
9
i〈S[d¯γµDνd]〉+ 16
9
i〈S[u¯γµDνu]〉+ 28
9
i〈S[s¯γµDνs]〉
}
+qµ
1
q2
π4
{16
9
〈d¯ds¯s〉+ 16
9
〈u¯us¯s〉 − 8
9
〈d¯du¯u〉
}]
+
1
4π4
[
q4 ln(−q2)
{ 1
24
(2mu + 2md −ms)〈 I 〉
}
+ q2 ln(−q2)π2
{
− 2
3
〈d¯d〉 − 2
3
〈u¯u〉+ 1
3
〈s¯s〉
}
+qµ ln(−q2)π2
{1
3
(4md − 2mu +ms)〈d¯γµd〉+ 1
3
(4mu − 2md +ms)〈u¯γµu〉
−2
3
(ms +md +mu)〈s¯γµs〉
}
11
+qµ
1
q2
π4
{16
9
(〈d¯du¯γµu〉+ 〈d¯ds¯γµs〉) + 16
9
(〈u¯ud¯γµd〉+ 〈u¯us¯γµs〉)
−8
9
(〈s¯sd¯γµd〉+ 〈s¯su¯γµu〉)
}
+
1
q2
π4
{4
9
mu(−2〈u¯ud¯d〉+ 12〈d¯ds¯s〉+ 〈u¯us¯s〉)
+
4
9
md(−2〈u¯ud¯d〉+ 12〈u¯us¯s〉+ 〈d¯ds¯s〉)
+
8
9
ms(−〈d¯ds¯s〉+ 6〈u¯ud¯d〉 − 〈u¯us¯s〉)
+
1
18
(2〈u¯u〉+ 2〈d¯d〉 − 〈s¯s〉)
〈
αs
π
GαβGαβ
〉}]
+
1
4π4
γµγ5
[
q2 ln(−q2)π2
{ 1
18
〈d¯γµγ5d〉+ 1
18
〈u¯γµγ5u〉+ 11
9
〈s¯γµγ5s〉
}
+qµq
ν ln(−q2)π2
{
− 5
9
〈d¯γνγ5d〉 − 5
9
〈u¯γνγ5u〉 − 2
9
〈s¯γνγ5s〉
}
+qν ln(−q2)π2
{4
9
〈S[d¯γµγ5iDνd]〉+ 4
9
〈S[u¯γµγ5iDνu]〉 − 20
9
〈S[s¯γµγ5iDνs]〉
−1
3
(md +mu − 2ms)
(
〈d¯γ5iσµνd〉+ 〈u¯γ5iσµνu〉 − 2〈s¯γ5iσµνs〉
)}
+qν
1
q2
π4
{
− 16
9
(〈s¯sd¯γ5iσµνd〉+ 〈s¯su¯γ5iσµνu〉)− 16
9
(〈d¯ds¯γ5iσµνs〉+ 〈u¯us¯γ5iσµνs〉)
+
8
9
(〈d¯du¯γ5iσµνu〉+ 〈u¯ud¯γ5iσµνd〉)
}]
+
1
4π4
iγ5σ
µν
[
q2 ln(−q2)π2
{1
9
〈d¯γ5iσµνd〉+ 1
9
〈u¯γ5iσµνu〉 − 1
18
〈s¯γ5iσµνs〉
}
+qµq
ρ ln(−q2)π2
{4
9
〈d¯γ5iσνρd〉+ 4
9
〈u¯γ5iσνρu〉 − 2
9
〈s¯γ5iσνρs〉
}
+qµ ln(−q2)π2
{1
9
(3ms − 6mu − 4md)〈d¯γνγ5d〉+ 1
9
(3ms − 6md − 4mu)〈u¯γνγ5u〉
−2
9
(3md + 3mu −ms)〈s¯γνγ5s〉
}
+qµ
1
q2
π4
{16
9
(〈d¯du¯γνγ5u〉+ 〈d¯ds¯γνγ5s〉) + 16
9
(〈u¯ud¯γνγ5d〉+ 〈u¯us¯γνγ5s〉)
−8
9
(〈s¯sd¯γνγ5d〉+ 〈s¯su¯γνγ5u〉)
}]
(12)
for Λ and
ΠOPE(q)
=
1
4π4
γµ
[
qµq
4 ln(−q2) 1
16
〈 I 〉+ q2 ln(−q2)π2
{
− 7
3
〈q¯1γµq1〉 − 1
3
〈q¯2γµq2〉
}
+qµq
ν ln(−q2)π2
{
− 2
3
〈q¯1γνq1〉 − 2
3
〈q¯2γνq2〉
}
+qµ ln(−q2)π2
{
mq2〈q¯2q2〉+
1
8
〈
αs
π
GαβGαβ
〉}
+qν ln(−q2)π2
{
− 1
6
〈
αs
π
S[GρµGρν ]
〉
+
16
3
i〈S[q¯1γµDνq1]〉+ 4
3
i〈S[q¯2γµDνq2]〉
}
+qµ
1
q2
π4
{8
3
〈q¯1q1q¯1q1〉
}]
12
+
1
4π4
[
q4 ln(−q2)
{1
8
mq2〈 I 〉
}
+ q2 ln(−q2)π2{−〈q¯2q2〉}
+qµ ln(−q2)π2{2mq2(〈q¯2γµq2〉 − 〈q¯1γµq1〉)}+ qµ
1
q2
π4
{16
3
〈q¯2q2q¯1γµq1〉
}
+
1
q2
π4
{
8mq1〈q¯1q1q¯2q2〉+
16
3
mq2〈q¯1q1q¯1q1〉+
1
6
〈q¯2q2〉
〈
αs
π
GαβGαβ
〉}]
+
1
4π4
γµγ5
[
q2 ln(−q2)π2
{5
3
〈q¯1γµγ5q1〉 − 1
3
〈q¯2γµγ5q2〉
}
+qµq
ν ln(−q2)π2
{
− 2
3
〈q¯1γνγ5q1〉 − 2
3
〈q¯2γνγ5q2〉
}
+qν ln(−q2)π2
{
− 8
3
〈S[q¯1γµγ5iDνq1]〉+ 4
3
〈S[q¯2γµγ5iDνq2]〉
}
+qν
1
q2
π4
{
− 16
3
〈q¯1q1q¯1γ5iσµνq1〉
}]
+
1
4π4
iγ5σ
µν
[
q2 ln(−q2)π2
{1
6
〈q¯2γ5iσµνq2〉
}
+ qµq
ρ ln(−q2)π2
{2
3
〈q¯2γ5iσνρq2〉
}}
+qµ ln(−q2)π2
{
− 2
3
mq2(〈q¯2γνγ5q2〉+ 3〈q¯1γνγ5q1〉)
}
+qµ
1
q2
π4
{16
3
〈q¯2q2q¯1γνγ5q1〉
}]
(13)
for other hyperons where the matrix elements can be taken with any state. The vacuum-to-
vacuum and nucleon-to-nucleon correlation functions, ΠOPE0 (q) and Π
OPE(qpˆs), are obtained
by replacing the matrix element of O, 〈O〉, with the vacuum and nucleon matrix elements,
〈O〉0 ≡ 〈0|O|0〉 and 〈O〉N ≡ 〈ps|O|ps〉 − 〈ps|ps〉〈O〉0, respectively.
We now discuss the nucleon matrix elements of the quark-gluon operators. Dimension-
three operators are quark bilinear operators, q¯q, q¯γµq, q¯γµγ5q and q¯γ5σµνq. The nucleon
matrix elements, 〈q¯q〉N and 〈q¯γµq〉N , are spin-independent and have already been discussed
in Ref. [9], while 〈q¯γµγ5q〉N and 〈q¯γ5σµνq〉N are spin-dependent and are written in terms of
the axial charge, ∆q, and the tensor charge, δq, as
〈q¯γµγ5q〉N = ∆qsµ,
〈q¯iγ5σµνq〉N = δq(sµpˆν − sν pˆµ)/pˆ0.
For the vector and scalar charges, we take, 〈u†u〉p = 2, 〈d†d〉p = 1, 〈s†s〉p = 0, 〈u¯u〉p = 3.46,
〈d¯d〉p = 2.96, 〈s¯s〉p = 0.7 [10]. For the axial and the tensor charges, we use the values,
∆u = 0.638 ± 0.054, ∆d = −0.347 ± 0.046, ∆s = −0.109 ± 0.030, δu = 0.839 ± 0.060,
δd = −0.231± 0.055, δs = −0.046± 0.034, obtained by the lattice calculations [11,12].
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Dimension-four operators are gluon operators, αs
pi
GµνGµν ,
αs
pi
S[GρµGρν ], and quark oper-
ators, S[q¯γµiDνq], q¯S(γµiDν)γ5q. The nucleon matrix elements of the gluon operators are
spin-independent and have already been discussed in Ref. [9,13]
〈αs
π
GµνG
µν〉p = −738 MeV, 〈αs
π
S[Gµ0Gµ0]〉p = −50 MeV.
The matrix elements of the spin-independent operators, S[q¯γµiDνq], have also been discussed
in Ref. [14]
i〈S[u¯γµDνu]〉p = 222 MeV, i〈S[d¯γµDνd]〉p = 95 MeV,
i〈S[s¯γµDνs]〉p = 18 MeV.
On the other hand, the matrix elements of the operator, q¯S(γµiDν)γ5q, is spin-dependent
and is expressed as
〈q¯S(γµiDν)γ5q〉N = a1s{µpˆν},
where a1 is related to the first moment of the longitudinal quark-spin distribution, g2, if
operators including the quark mass are neglected, which is given at the tree-level by [15]
a1 = −2
∫ 1
0
dxxg2(x).
Using this expression we have calculated a1 from g2. Experimental data for g2 are given in
Ref. [16] over the range 0.075 < x < 0.8 and 1.3 < Q2 < 10 ((GeV/c)2) for the proton and
in Ref. [17] over the range 0.06 < x < 0.70 and 1.0 < Q2 < 17.0 ((GeV/c)2) for the neutron.
The results are as follows:
au1 = 0.05± 0.04, ad1 = −0.08± 0.13.
Unfortunately as1 is not determined by experimental data up to now. However, absolute
values of nucleon matrix elements of strange quark operators are generally much smaller
than those of up and down quark operators. Therefore, we set as1 = 0.
The dimension-six four-quark operators are q¯qq¯q, q¯qq¯γµq, q¯qq¯γµγ5q and q¯qq¯γ5σµνq. The
nucleon matrix elements of the four-quark operators are approximated to factorize [7] as
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〈q¯qq¯q〉N = 2〈q¯q〉0〈q¯q〉N , 〈q¯qq¯γµq〉N = 〈q¯q〉0〈q¯γµq〉N ,
〈q¯qq¯γµγ5q〉N = 〈q¯q〉0〈q¯γµγ5q〉N , 〈q¯qq¯γ5σµνq〉N = 〈q¯q〉0〈q¯γ5σµνq〉N ,
which can be evaluated from the vacuum and nucleon matrix elements of dimension-three
quark operators.
For completeness we also list here the values of vacuum condensates and quark masses
〈u¯u〉0 = 〈d¯d〉0 = −(250 MeV)3, 〈s¯s〉0 = −(232 MeV)3,
〈αs
π
G2〉0 = (330 MeV)4,
mu = md = 0, ms = 120 MeV.
IV. RESULTS
The OPE of the projected correlation function, ΠOPE+ , for the Λ or other hyperons is given
by substituting Eq. (12) and Eq. (13), respectively into the right-hand side of Eq. (3). Then,
substituting ΠOPE+ into the left-hand side of Eq. (7), and Eq. (11) into the the right-hand
side of Eq. (7), respectively, we obtain the Borel sum rules for hyperon-nucleon interaction
strengths. The sum rule for the spin-independent part is
− 1
M2B
exp
(
−M
2
M2B
)
λ2vindep.
=
1
4π4
{ (
C2MMB − C3M2B
)
×
[{
− 7
6
〈d¯γ0d〉N − 7
6
〈u¯γ0u〉N − 5
3
〈s¯γ0s〉N − 2
3
〈d¯d〉N − 2
3
〈u¯u〉N + 1
3
〈s¯s〉N
}]
+ (C1M − C2MB)
[
π2
{1
8
〈
αs
π
GαβGαβ
〉
N
− 1
6
〈
αs
π
S[Gρ0Gρ0]
〉
N
+
16
9
i〈S[d¯γ0D0d]〉N + 16
9
i〈S[u¯γ0D0u]〉N + 28
9
i〈S[s¯γ0D0s]〉N
+
1
3
(3md +mu − 2ms)〈d¯d〉N + 1
3
(3mu +md − 2ms)〈u¯u〉N
+
1
3
(3ms − 2md − 2mu)〈s¯s〉N + 1
3
(4md − 2mu +ms)〈d¯γ0d〉N
+
1
3
(4mu − 2md +ms)〈u¯γ0u〉N − 2
3
(ms +md +mu)〈s¯γ0s〉N
}]
+
M
M2B
[
π4
{16
9
〈d¯ds¯s〉N + 16
9
〈u¯us¯s〉N − 8
9
〈d¯du¯u〉N
+
16
9
〈d¯d〉0(〈u¯γ0u〉N + 〈s¯γ0s〉N) + 16
9
〈u¯u〉0(〈d¯γ0d〉N + 〈s¯γ0s〉N)
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−8
9
〈s¯s〉0(〈d¯γ0d〉N + 〈u¯γ0u〉N)
}]
(14)
for the ΛN channel and
− 1
M2B
exp
(
−M
2
M2B
)
λ2vindep.
=
1
4π4
{ (
C2MMB − C3M2B
) [
π2
{
− 3〈q†1q1〉N − 〈q†2q2〉N
}
− π2〈q¯2q2〉N
]
+ (C1M − C2MB)
[
π2
{1
8
〈
αs
π
GαβGαβ
〉
N
− 1
6
〈
αs
π
S[Gρ0Gρ0]
〉
N
+
16
3
i〈S[q¯1γ0D0q1]〉N + 4
3
i〈S[q¯2γ0D0q2]〉N
+mq2〈q¯2q2〉N + 2mq2(〈q¯2γµq2〉N − 〈q¯1γµq1〉N)
}]
+
M
M2B
[8
3
π4〈q¯1q1q¯1q1〉N + 16
3
π4〈q¯2q2q†1q1〉N
]}
(15)
for other hyperon-nucleon channels. Similarly, the sum rule for the spin-dependent part is
− 1
M2B
exp
(
−M
2
M2B
)
λ2vdep.
=
1
4π4
rk
{ (
C2MMB − C3M2B
) [
π2
{ 1
18
〈d¯γkγ5d〉N + 1
18
〈u¯γkγ5u〉N + 11
9
〈s¯γkγ5s〉N
−2
9
〈d¯γ5iσk0d〉N − 2
9
〈u¯γ5iσk0u〉N + 2
18
〈s¯γ5iσk0s〉N
}]
+ (C1M − C2MB)
×
[
π2
{4
9
〈S[d¯γkγ5iD0d]〉N + 4
9
〈S[u¯γkγ5iD0u]〉N − 20
9
〈S[s¯γkγ5iD0s]〉N
−1
3
(md +mu − 2ms)
(
〈d¯γ5iσk0d〉N + 〈u¯γ5iσk0u〉N − 2〈s¯γ5iσk0s〉N
)
−1
9
(3ms − 6mu − 4md)〈d¯γkγ5d〉N − 1
9
(3ms − 6md − 4mu)〈u¯γkγ5u〉N
+
2
9
(3md + 3mu −ms)〈s¯γkγ5s〉N
}]
+
M
M2B
[
π4
{
− 16
9
〈s¯s〉0(〈d¯γ5iσk0d〉N + 〈u¯γ5iσk0u〉N)− 16
9
(〈d¯d〉0 + 〈u¯u〉0)〈s¯γ5iσk0s〉N
+
8
9
(〈d¯d〉0〈u¯γ5iσk0u〉N + 〈u¯u〉0〈d¯γ5iσk0d〉N)
−16
9
〈d¯d〉0(〈u¯γkγ5u〉N + 〈s¯γkγ5s〉N)− 16
9
〈u¯u〉0(〈d¯γkγ5d〉N + 〈s¯γkγ5s〉N)
+
8
9
〈s¯s〉0(〈d¯γkγ5d〉N + 〈u¯γkγ5u〉N)
}]
(16)
for the ΛN channel and
− 1
M2B
exp
(
−M
2
M2B
)
λ2vdep.
=
1
4π4
rk
{ (
C2MMB − C3M2B
) [
π2
{5
3
〈q¯1γkγ5q1〉N − 1
3
〈q¯2γγ5q2〉N
}
− i1
3
π2〈q¯2γ5σk0q2〉N
]
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+ (C1M − C2MB)
[
π2
{
− 8
3
〈q¯1γkγ5iD0q1〉N + 4
3
〈q¯2γkγ5iD0q2〉N
+
2
3
mq2(〈q¯2γνγ5u〉N + 3〈q¯1γνγ5q1〉N)
}]
+
M
M2B
[
− 16
3
π4〈q¯1q1q¯1γ5iσk0q1〉N − 16
3
π4〈q¯2q2q¯1γkγ5q1〉N
]}
(17)
for other hyperon-nucleon channels. C1, C2 and C3 are given by
C1 = 1− 1
2
[
exp
(
− ω
2
+
M2B
)
+ exp
(
− ω
2
−
M2B
)]
,
C2 = −1
2
[
ω+
MB
exp
(
− ω
2
+
M2B
)
− ω−
MB
exp
(
− ω
2
−
M2B
)]
+
√
π
4
[
Φ
(
ω+
MB
)
− Φ
(
ω−
MB
)]
,
C3 = 1− 1
2
[(
1 +
ω2+
M2B
)
exp
(
− ω
2
+
M2B
)
+
(
1 +
ω2−
M2B
)
exp
(
− ω
2
−
M2B
)]
,
where Φ is the error function.
From the vacuum-to-vacuum correlation function we obtain the Borel sum rule for the
normalization constant λ2 as [2,8]
λ2
1
M2B
exp
(
−M
2
M2B
)
=
1
4π4
[
−D2M4B
1
8
−D1
{π2
8
〈
αs
π
GαβGαβ
〉
0
+
1
3
(3md +mu − 2ms)〈d¯d〉
+
1
3
(3mu +md − 2ms)〈u¯u〉+ 1
3
(3ms − 2md − 2mu)〈s¯s〉
}
− 1
M2B
π4
{16
9
〈d¯ds¯s〉+ 16
9
〈u¯us¯s〉 − 8
9
〈d¯du¯u〉
}]
(18)
for the Λ and
λ2
1
M2B
exp
(
−M
2
M2B
)
=
1
4π4
[
−D2M4B
1
8
−D1
{π2
8
〈
αs
π
GαβGαβ
〉
0
+mq2〈q¯2q2〉0
}
− 1
M2B
{
π4
8
3
〈q¯1q1q¯1q1〉0
}]
(19)
for other hyperons. D1 and D2 are expressed by the effective threshold, ω0, as
D1 = 1− exp
(
− ω
2
0
M2B
)
,
D2 = 1−
(
1 +
ω20
M2B
+
1
2
ω40
M4B
)
exp
(
− ω
2
0
M2B
)
.
Dividing Eq. (14) (Eq. (16)) and Eq. (15) (Eq. (17)) by Eq. (18) and Eq. (19), respectively, we
finally obtain the sum rules for the spin-independent (spin-dependent) part of the hyperon-
nucleon interaction strengths.
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It is instructive to look at sum rules in the leading order of the OPE before discussing
the full results:
vΛp =
8π2
M2B
{7
6
〈d†d〉p + 7
6
〈u†u〉p + 5
3
〈s†s〉p + 2
3
〈d¯d〉p + 2
3
〈u¯u〉p − 1
3
〈s¯s〉p
+s · s ′
[ 1
18
(−∆d −∆u− 22∆s) + 1
9
(2δd+ 2δu− δs)
]}
=
8π2
M2B
{
7.55 + s · s ′
[
0.257
]}
,
vΣ+p =
8π2
M2B
{
3〈u†u〉p + 〈s†s〉p + 〈s¯s〉p + s · s ′
[1
3
(−5∆u+∆s) + 1
3
δs
]}
=
8π2
M2B
{
6.70 + s · s ′
[
− 1.12
]}
,
vΣ−p =
8π2
M2B
{
3〈d†d〉p + 〈s†s〉p + 〈s¯s〉p + s · s ′
[1
3
(−5∆d+∆s) + 1
3
δs
]}
=
8π2
M2B
{
3.70 + s · s ′
[
0.527
]}
,
vΞ0p =
8π2
M2B
{
3〈s†s〉p + 〈u†u〉p + 〈u¯u〉p + s · s ′
[1
3
(−5∆s+∆u) + 1
3
δu
]}
=
8π2
M2B
{
5.46 + s · s ′
[
0.674
]}
,
vΞ−p =
8π2
M2B
{
3〈s†s〉p + 〈d†d〉p + 〈d¯d〉p + s · s ′
[1
3
(−5∆s +∆d) + 1
3
δd
]}
=
8π2
M2B
{
3.96 + s · s ′
[
− 0.011
]}
,
where s (s ′) denotes the hyperon (nucleon) spin operator.
For comparison, the interaction strength in the neutron-proton (np) channel is given by
vnp =
8π2
M2B
{
3〈d†d〉p + 〈u†u〉p + 〈u¯u〉p + s · s ′
[1
3
(−5∆d+∆u) + 1
3
δu
]}
=
8π2
M2B
{
8.46 + s · s ′
[
1.07
]}
.
The spin-independent interaction strength is related to the vector and scalar charges of
the nucleon while the spin-dependent strength to the axial and tensor charges. In the NN
channel only up and down quark operators contribute, while in the Y N channels strange
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quark operators appear in addition. It is interesting that the ratio of different flavor con-
tributions is the same for the scalar and tensor charges in all Y N and NN channels. If
the proton matrix elements of the up, down and strange quark operators are the same, all
Y N interaction strengths coincide, which holds even if higher order terms of the OPE are
included. It should be noted, however, that this is not the SU(3) limit. Even in the SU(3)
limit the proton matrix elements of quark operators with different flavors are different in
general.
Inserting the numerical values for the matrix elements we find that the spin-dependent
interaction strength is considerably smaller than the spin-dependent interaction strength
in each channel. This is because the absolute values of the axial and tensor charges are
considerably smaller than the vector and scalar charges except for the strange vector charge,
which identically vanishes. Also found is that both the spin-independent and spin-dependent
interaction strengths are smaller in the Y N channel than in the NN channel, since the
strange charges are much smaller than the up and down charges. An exception for this is
the spin-dependent interaction strength in the Σ+p channel, which receives large contribution
from the up axial charge. Among Y N channels the ΛN has the largest interaction strength
due to the largest scalar charge contribution, which is even larger than in the NN channel
since the sign of the Wilson coefficients is oposite to the others. If one looks at the charge
dependence, the interaction strength is greater in the Σ+N (Ξ0N) channel than in the Σ−N
(Ξ−N), since the up charges are larger than the down charges.
Let us now discuss the results including all the operators up to dimension 4 and the
dimension 6 four-quark operators. Up to now we have not explained how to determine ω0,
ω+ and ω−. They are determined by the Borel stability analysis, i.e. , so that the calculated
interaction strength has the most stable plateau as a function of the Borel mass squared. We
constrain ω− to be greater than ω0 since we expect the projection reduces the continuum
contribution in the negative low energy region. Also, we take ω+ to be equal to ω0 for
simplicity. The interaction strength, however, is not sensitive to the choice of ω+. Even if
we take |ω0 − ω+| = 0.5 GeV, the interaction strength changes only less than 3%. Fig. 1
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shows the calculated interaction strength as a function of the Borel mass. The upper and
lower curves beyondM2B = 1.2 GeV
2 correspond to the spin-independent and spin-dependent
interaction strengths, respectively. There appears a stale plateau above M2B = 1.4 GeV
2 in
all channels. The prediction of the Borel sum rule is determined by taking the value in
the region of the plateau. The optimal value of the continuum threshold, ω+, in the Σ
−p
channel is much different from those in other channels. However, even if we take ω+ in the
Σ+p channel to be the same as in the Σ−p channel, the difference in the interaction strength
is less than 10% forM2B = 1.0 ∼ 2.0 GeV2. Fig. 2 shows the calculated interaction strengths
without including the continuum. From Fig. 1 and Fig. 2 we find that the contribution of
the continuum is rather small.
Comparing the results in the leading order of the OPE and those including the higher
order terms we find that the contribution of the higher order terms makes the strength
decrease in the ΣN channel but increase in the ΞN channel, relative to the strength in the
ΛN channel, so that the Σ+p strength becomes smaller than the Ξ0p strength. We see that
the spin-independent interaction strength in the NN channel is greater than those in the
Y N channels, which is similar to the results in the leading order. We should, however, keep
in mind uncertainties in the matrix elements and the continuum contributions and therefore
conclude at the moment that the strengths in the np, Λp and Ξ0p channels are similar. The
strengths are smaller in the Σp and Ξ−p channels than in other three channels. Furthermore,
the Σ−p interaction is the weakest in all the hyperon-proton interactions.
Comparing the spin-independent part with the spin-dependent part we find that the
spin-dependent interaction is much smaller than the spin-independent interaction in each
channel. The interaction strengths in the Σ+p and Ξ−p channels have an opposite sign to
the interaction strengths in other channels. The spin-singlet interaction is greater than the
spin-triplet one in the Σ+p and Ξ−p channels but the relation is opposite in other channels.
Up to now we have discussed the results of sum rules identifying them as interaction
strengths because interaction strengths are convenient for comparing different hyperon-
nucleon and nucleon-nucleon channels. Now, we want to compare our results with those
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of phenomenological meson-exchange models. For this purpose, scattering lengths are more
convenient. Therefore, from now on we identify our results as scattering lengths ignoring
O(a2) differences. Table I shows calculated scattering lengths with estimated errors for
the hyperon-nucleon channels in fm. The errors due to uncertainties of the spin-dependent
nucleon matrix elements are as small as ±0.04 ∼ ±0.07 fm. Among the spin-independent
nucleon matrix elements the scalar charges cause most of errors. The uncertainties of 〈u¯u〉p
and 〈d¯d〉p are about 30% and that of 〈s¯s〉p is about 60%. These errors change the scattering
lengths by ±0.4 ∼ ±1.2 fm. 〈S[q¯γµDνq]〉p is expected to have much smaller error than
〈q¯q〉p [18]. The uncertainty of 〈αspi GµνGµν〉p is about 20%, which changes aΣp by only about
2% and affects others less than 0.3%. The errors of other spin-independent nucleon matrix
elements are also thought to be small since they are higher order terms. Furthermore, the
vacuum condensates of the quark and the gluon operators have uncertainties about 20%
and the strange quark mass lies in the range between 100 MeV and 200 MeV. The total
error due to these uncertainties is about 15%. The errors of the scattering lenghts due to
the uncertainties of all these input parameters are shown in Table I. Even though we did
not include in the errors of Table I, we also estimated errors due to effective continuum
thresholds which change aY N roughly by ±1 fm.
Table II shows the scattering lengths calculated in the Nijmegen meson-exchange models,
NSC97a-f [19]. Comparing Table I and Table II, we find that the scattering lengths obtained
by sum rules are rather larger than those in the meson-exchange models. It should be
remembered, however, that the results of sum rules coincide with the scattering lengths only
when the scattering lengths are small. The results of the sum rules and the meson-exchange
models have some common tendencies: the Σ+p channel has stronger spin dependence than
the Λp channel and the triplet scattering length is smaller than the singlet scattering length
in the Σ+p channel. On the contrary, the results are quit different from each other in the
Ξ0p channel. This might be related to anormalous behavior of the effective range in the
Nijmegen models, which is extremely large in the triplet channel and is negative and large
in the singlet channel.
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A comment on the spin dependence of the interaction in the ΛN channel and observed
hypernuclear states is in order here. Experimentally, the ground state of 4ΛHe-hypernucleus
is known to be 0+ and 1+ is an exited state. This seems to contradict with the present
result that the triplet Λp interaction is more attractive than the singlet one. According to
Akaishi et al., however, if one takes the three-body force into account the ordering of the
observed 4ΛHe-hypernuclear states is reproduced with the Nijmegen model D [20] in which
the triplet scattering length is a little greater than the singlet one [21]. Even though this is
not conclusive, this at least tells us that one must be careful when one extracts information
on the hyperon-nucleon interaction from observed hypernuclear states.
V. SUMMARY
In summary, we have formulated the QCD sum rule for the Y N interactions starting
from the spin-dependent hyperon correlation function, whose matrix element is taken with
respect to the one-nucleon state. The dispersion integral around the threshold is identified
as a measure of the interaction strength in the Y N channel. The Wilson coefficients of the
OPE for the hyperon correlation functions have been calculated. Strange quark operators
appear as well as up and down quark operators. After Borel transforming we have obtained
Borel sum rules which relate the Y N interaction strengths to the nucleon matrix elements
of quark-gluon operators. We have then discussed physical implications of the obtained sum
rules for the interaction strengths in the Y N and the NN channels. It was found that the
interaction strength is smaller in the Y N channels than in the NN channel since the matrix
elements of strange quark operators are smaller than those of up and down quark operators.
Among Y N channels the ΛN channel turned out to have a stronger interaction strength
than the ΣN and ΞN channels. It was also found that the Σ+N (Ξ0N) interaction strength
is greater than the Σ−N (Ξ−N) interaction strength since matrix elements of up quark
operators are greater than those of the down quark operators. Taking uncertainties into
account, however, we tentatively concluded that the np, Λp and Ξ0p channels have similar
22
interaction strengths. It turned out that the strengths are smaller in the Σp and Ξ−p
channels than in other channels and also that the Σ−p channel has the weakest interaction
in all channels. Also found is that the spin-dependent strength is smaller than the spin-
independent strength in all channels. The spin-dependence in the Σ+p and Ξ−p channels
is oposite to other channels. The results are compared with those of the phenomenological
meson-exchange models. The results of the sum rules and the meson-exchange models have
some common tendencies. They are, however, different in some other respects.
In the present paper we have ignored the coupling of different hyperon-nucleon and
hyperon-hyperon channels such as ΛN -ΣN and ΞN -ΣΣ-ΛΛ. One might be able to formulate
the sum rule for the transition, ΛN → ΣN , by considering the time-ordered product of the
sigma field and the lambda field, which is an interesting extension of the present approach.
Another interesting possibility is to study hyperon matrix elements of the quark-gluon com-
posite operators by means of the sum rule. This would be done by constructing sum rule
starting from the hyperon matrix element of the nucleon correlation function and relat-
ing the obtained hyperon-nucleon interaction strengths with the ones in the present paper.
These applications would provide us with important new information about hyperon-nucleon
interactions and hyperon structures.
ACKNOWLEDGMENTS
We would like to thank Prof. Yoshinori Akaishi for valuable comments.
23
REFERENCES
[1] M. A. Shifman, A. I. Vainshtein and V. I. Zakharov, Nucl. Phys. B147 (1979), 385;
B147 (1979), 448.
[2] L. J. Reinders, H. Rubinstein and S. Yazaki, Phys. Rep. 127(1985)1 and references
therein.
[3] Y. Kondo and O. Morimatsu, Phys. Rev. Lett. 71 (1993), 2855.
[4] Y. Koike, Phys. Rev. C51 (1995), 1488.
[5] Y. Kondo, O. Morimatsu and Y. Nishino, Phys. Rev. C53 (1996), 1927.
[6] Y. Koike and A. Hayashigaki, Prog. Theor. Phys. 98 (1997), 631.
[7] Y. Kondo and O. Morimatsu, Prog. Theor. Phys. 100(1998)1.
[8] B. L. Ioffe, Nucl. Phys. B188 (1981), 317; B191 (1981), 591(E).
[9] E. D. Drukarev and E. M. Levin, Nucl. Phys. A511 (1990), 679; A516 (1990), 715(E).
[10] J. Gasser, H. Leutwyler and M.E. Sainio, Phys. Lett. B253 (1991), 252
[11] M. Fukugita, Y. Kuramashi, M. Okawa and A. Ukawa, Phys. Rev. Lett. 75 (1995),
2092.
[12] S. Aoki, M. Doui, T. Hatsuda and Y. Kuramashi, Phys. Rev. D56 (1997), 433.
[13] X. Jin, T.D. Cohen, R.J. Furnstahl and D.K. Griegel, Phys. Rev. C47 (1993), 2882.
[14] T. Hatsuda and S. H. Lee, Phys. Rev. C46 (1992), R34.
[15] J. Kodaira, Y. Yasui and T. Uematsu, Phys. Lett. B344 (1995), 348.
[16] SLAC E143, K. Abe et al., Phys. Rev. Lett. 76 (1995), 587.
[17] SLAC E154, K. Abe et al., Phys. Lett. B404 (1997), 377.
[18] M. Glu¨ck, E. Reya and A. Vogt, Z. Phys. C48 (1990), 471.
24
[19] V.G.J. Stoks and Th.A. Rijken, Phys. Rev. C59 (1999), 3009 and references therein.
[20] Y. Akaishi, T. Harada, S. Shinmura and K.S. Myint, Phys. Rev. Lett. 84 (2000), 3539.
[21] M.N. Nagels, Th.A. Rijken and J.J. de Swart, Phys. Rev. D12 (1975), 744.
25
TABLES
TABLE I. The calculated scattering lengths for the hyperon-nucleon channels (uint in fm).
Channel spin-triplet spin-singlet
Λp 5.7± 1.0 4.8 ± 1.0
Σ+p 3.5± 0.8 5.6 ± 0.8
Σ−p 2.1± 0.6 1.1 ± 0.6
Ξ0p 6.0± 1.4 3.4 ± 1.4
Ξ−p 3.5± 1.1 3.8 ± 1.1
TABLE II. The triplet 3S1 and singlet
1S0 scattering lengths in fm for models NSC97a-f in the
different channels.
Λp Σ+p Ξ0p
Model 3S1
1S0
3S1
1S0
3S1
1S0
(a) 2.18 0.71 0.14 4.35 0.038 −0.46
(b) 2.13 0.90 0.17 4.32 0.045 −0.45
(c) 2.08 1.20 0.25 4.28 −0.001 −0.43
(d) 1.95 1.71 0.29 4.23 −0.041 −0.42
(e) 1.86 2.10 0.28 4.23 −0.050 −0.41
(f) 1.75 2.51 0.25 4.35 0.030 −0.40
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FIGURES
FIG. 1. The interaction strength, vBp, as a function of the Borel mass where ω0 = 2.8 GeV
and ω− = 3.4 GeV for the np channel, ω0 = 2.7 GeV and ω− = 3.3 GeV for the Λp channel,
ω0 = 3.1 GeV and ω− = 4.0 GeV for the Σ
+p channel, ω0 = 3.5 GeV and ω− = 10.8 GeV for
the Σ−p channel, ω0 = 2.4 GeV and ω− = 2.8 GeV for the Ξ
−p channel and ω0 = 2.5 GeV and
ω− = 2.9 GeV for the Ξ
−p channel. The np, Λp, Σ+p, Σ−p, Ξ+p and Ξ−p channels are shown as
solid, dotted, dashed, thick dashed, dot-dashed and thick dot-dashed lines, respectively.
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FIG. 2. The interaction strength, vBp, as a function of the Borel mass where ω0 = ∞ and
ω± =∞. The np, Λp, Σ+p, Σ−p, Ξ+p and Ξ−p channels are shown as solid, dotted, dashed, thick
dashed, dot-dashed and thick dot-dashed lines, respectively.
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